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Abstract. Oil shale mining and processing industry in Estonia produce a wide assortment of waste could be 
considered as available fill materials. Waste rock which is not usable in civil engineering and road building may be 
used for backfilling underground mines. Paste fills technology, which has several benefits, requires careful selection of 
oil shale waste rock aggregates and other carbonate stones. The laboratory tests and theoretical investigations were 
made for determination the applicability of limestone and dolostone aggregates as backfill material. It enables to 
determine the feasible parameters of aggregates from oil shale mining waste rock. Analysis showed that limestone 
aggregates of Estonian oil shale mines suit best for backfill technology in conditions.  
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I  INTRODUCTION 
The oil shale industry of Estonia provides a 
significant contribution to the country’s economy, but 
causes a large number of different problems [15][16]. 
Oil shale is used as a fuel for producing energy and 
shale oil [10][20]Error! Reference source not 
found.. The mining sector faces challenges to increase 
the output of mines and at the same time to minimize 
the environmental impact of mining [16]. Limestone 
and dolostone companies, where material is excavated 
by blasting and crushing technology, are in need of 
fillers distribution also. 
Underground oil shale mining is performed by 
using a room-and-pillar method with blasting 
[11][16][17][18]. It is cheap, highly productive and 
easily mechanized. Unfortunately, if the depth of 
excavation is over 60 m (mine Estonia) the loss in 
pillars increases up to 40% [19]. On the other hand, 
there are problems of use or bury the waste in landfill 
due to large amount of neutral (limestone) and 
hazardous (ash) waste generated by oil shale industry 
Error! Reference source not found. Error! 
Reference source not found.. A complex approach is 
needed for solving the above mentioned problems. 
Backfill technology would have a significant impact 
on the mining practice in Estonian oil shale industry 
[8] [9][14][18]Error! Reference source not found. . 
Backfilling in mining operations is in wide use in 
all over the world. Nowadays attention has been 
focused on the use of combustion and mining by-
products as filling materials. Separation of limestone 
from the raw oil shale generates large amount of 
waste, which proportion is approximately 40%.  
Waste rock which is not usable in civil engineering 
and road building may be used for backfilling already 
mined areas Error! Reference source not found.. 
In modern backfill technologies paste fills are 
preferred [4]. It requires careful selection of fill 
materials, including limestone aggregates. Past fills 
method has several benefits, most of them are crucial 
for the usefulness of backfill technology. On the same 
time there is lack in data characterizing the above 
mentioned waste filling materials. The choice of a 
proper backfill material is essential in the control of 
fill costs and backfill properties after placement. The 
main aim of these investigations was to determine the 
applicability of waste rock aggregates as backfill 
material in condition of Estonian oil shale mines. 
II  GEOLOGICAL SITUATION 
The Estonian oil shale deposit is located in the 
north-eastern part of the country. The oil shale bed has 
a form of a flat bed slightly inclined (2 – 3 m per km) 
southward. The commercial oil shale bed and its 
immediate roof consist of oil shale and limestone 
seams Error! Reference source not found.Error! 
Reference source not found.. The main roof consists 
of carbonate rocks of varying thickness. 
Characteristics of the individual oil shale and 
limestone seams are rather different. The strength of 
the rocks increases southward. The underground 
mining works are going at deepness 35-65 m, but at 
the southern border of deposit mining deepness will 
grow up to 120-130 m, notable increases overburden 
and its pressure to pillars [8][11][16]. The thickness of 
commercial oil shale seam is about 2.8 m. The waste 
rock separated from run of mine, which proportion is 
approximately 40%, is suitable for production of 
construction and backfill material [13]. 
Limestone companies are mostly located in 
Harjumaa County. It is in the northwestern Estonia, on 
the southern shore of the Finnish Gulf, about 80km to 
south from Helsinki, Finland. Geologically this area 
belongs to the southern slope of the Fennoscandian 
shield, where the Precambrian Early Proterozoic 
crystalline rocks of age 2.0-1.3Ga are covered by 
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sequence of the Ediacaran and Paleozoic sedimentary 
rocks with age between 600Ma and 359Ma in Estonia 
[2]. In the Harjumaa County there are being registered 
16 carbonate stone deposits, four of them: 
Vasalemma, Harku, Nabala, and Väo are listed as 
deposits of all-country importance [21]. 
III  BACKFILL TECHNOLOGY 
In Estonian oil shale industry a wide assortment of 
fill materials is available [6][7]. The whole processing 
of oil shale from mining up to energy and oil 
generates large amount of different waste: 
Separation of limestone from the raw oil shale 
generates large amounts of waste, which consists in 
82...94 % of limestone and 6...18 % of oil shale 
residues. These are stockpiled in form of cones (55 m 
height) and total area of these piles is about 3.5 km2. 
Limestone production is about 6.5 Mt per year.  
1. The Estonian Thermal Power Plants use two 
different oil shale combustion technologies: 
pulverized firing (PF) and circulating fluidized bed 
combustion (CFBC) technology. The compositional 
and morphological variation between PF and CFBC 
ashes [3] are principally controlled by firing 
temperature differences between combustion 
technologies, and by grain size difference of oil shale 
fuel. From the point of chemistry ash from oil shale 
combustion is very similar to cement (with exception 
in alkalinity) and there is no significant difference 
between the potential environmental impacts from the 
side of oil shale ash. About 4 km2 of the landfill are 
occupied with ash ponds. Annual production is about 
5 Mt. The determination of different ashes parameters 
demands supplementary investigations and is under 
construction. 
2. In modern backfill technologies paste fills are 
preferred [4][5]. It requires carefully selected grain-
size distribution of solid particles and is able to flow 
without sedimentation in pipes by low water content 
(10...30 %). In this case backfill slurry has several 
benefits: 
Mixtures are able to set with lower or without 
presence of additional binders. 
Shorter binding times and better mechanical 
properties. 
Drainage and processing of bleed water eliminated. 
Consequently, at a first approximation the 
limestone aggregates properties determine the 
behavior of backfill. Oil shale waste rock (limestone) 
is produced during extraction as reject material from 
separation plant and material from crushing and sizing 
operations in aggregate production. It became clear 
that production of aggregate produces large amount of 
non-commercial aggregate [13].  
IV  GEOMETRICAL PARAMETERS OF AGGREGATES 
The porosity of fill material consists of the void 
spaces between solid fragments. If the fragments are 
solid spheres of equal diameters the cubic and 
rhombohedral pacing is possible (see Fig. 1) [1]. 
 
A  
 
B 
 
Fig. 1. Packing of the solid fragments [1], A – cubic packing; B – 
rhombohedal packing 
These two configurations represent the extremes of 
porosity for arrangements of equidimensional sphere 
with each sphere touching all neighboring spheres. 
The porosity of well-rounded backfill materials, which 
have been sorted so that they are all about the same 
size, is independent of the particle size and falls in the 
range of about 25.95% to 47.65%, depending upon the 
packing [1]. If a backfill contains a mixture of grain 
sizes, the porosity will be lowered. In this case the 
smaller particles can fill the void spaces between the 
larger ones. The wider the range of grain sizes, the 
lower the resulting porosity.  
In addition to grain-size sorting, the porosity of 
material is affected by the shape of the grains [1]. 
Well-rounded grains may be almost perfect spheres, 
but many grains are very irregular. Sphere-shaped 
grains will pack more tightly and have less porosity 
than particles of other shapes. The orientation of the 
particles, if they are not spheres, also influence 
porosity. 
This phenomenon determines the bearing capacity 
of backfill/pillar. Conformation of getting theoretical 
result demands supplementary investigations of in situ 
conditions. 
A. Uniformity Coefficient 
The uniformity coefficient of a material is a 
measure of how well or poorly sorted it is. It is 
presented by following formula[1]: 
 
1060 /ddCu 
 (1) 
where Cu – uniformity coefficient; d60 – grain size 
that is 60% finer by weight; d10 – the grain size that is 
10% finer by weight. 
A sample with a uniformity coefficient less than 4 
is well sorted, if it is more than 6 it is poorly sorted 
[1]. 
The grain-size distribution curve and uniformity 
coefficients for aggregate sizes 4/16, 16/32 and 32/63 
mm have been determined. Fig. 2 demonstrates the 
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grain-size distribution curve for aggregate size 16/32 
mm, mine Estonia. 
  
 
Fig. 2. Grain-size distribution curve. Aggregate size 16/32 mm, 
mine Estonia 
Investigation showed that uniformity coefficient for 
all aggregate sizes is less than 4. For limestone and 
dolostone uniformity coefficient is less than 3. 
Consequently, the above mentioned aggregates are 
well sorted and they satisfy the paste fills requirement. 
B. Shape of the Coarse Aggregate 
Flakiness Index is the percentage by weight of 
particles in it, whose least dimension is less than 0.6 
of its mean dimension. Flaky particles may have 
adverse effect on concrete mix. For instance, flaky 
particles tend to lower the workability of concrete mix 
which may impair the long-term durability. The 
results of flakiness index investigation in Estonian oil 
shale mines and open casts are presented in Table 1. 
TABLE 1 
FLAKINESS INDEX OF WASTE ROCK AGGREGATE 
*produced and tested aggregate 8/16 mm 
Investigation showed that the flakiness index 
depends on aggregate size for limestone aggregates of 
Estonian oil shale mines. If the aggregate size 
increases, the flakiness index decreases. In general, 
the flakiness index of produced aggregates does not 
exceed 35% and that depends on type of crushers and 
number of crushing stages [12]. If the flakiness index 
is less than 50% the negative influence on the strength 
parameters of backfill is negligible.  
V  AGGREGATE PARAMETERS FOR BACKFILLING 
A complex method, including laboratory tests and 
theoretical investigations, were made for 
determination of the applicability of limestone 
aggregates as backfill material. The results of 
investigations are presented in Table 2. 
 
TABLE 2  
OIL SHALE WASTE ROCK (AGGREGATES) PARAMETERS 
Parameter  Measured 
values 
Recommended 
values 
Porosity of fill material, % 40 - 50 26 -48 
Uniformity coefficient 1 - 2 <4, well sorted 
Flakiness index, % 2 - 11 <35 
In conclusion, it is visible that the aggregates from 
oil shale mining waste rock can be used as a material 
for backfilling the underground mined area. As long 
as Estonian oil shale mines are located near to the 
backfill required areas, other aggregates of limestone 
and dolostone not suitable because of the location. 
VI  RESULTS 
In Estonian oil shale industry a wide assortment of 
fill materials is available. In modern backfill 
technologies paste fills are preferred. It required 
careful selection of limestone aggregates as a 
component part in fill mixture and is able to flow 
without sedimentation in pipes by low water content. 
The general parameters for paste fills technology are 
porosity, uniformity coefficient and shape of coarse 
aggregate. Getting results based on large amount of 
theoretical investigations and of in situ experiments. 
Porosity of fill material determines the amount of 
power plant ash in mixture. Theoretically it is between 
26 and 48% depending on packing of the solid 
fragments. In real conditions, the fill material contains 
a mixture of different grain sizes and shapes. 
Investigation of in situ conditions showed that it is in 
range of 40 – 50%, which guarantees optimum 
amount of ash in mixture. 
Strength parameters of backfill are determined by 
uniformity coefficient of aggregates. It is calculated, 
using grain-size distribution curve. Investigation 
showed that uniformity coefficient is less than 4. 
Consequently, all the aggregates are well sorted. 
Shape of coarse aggregate influences on long term 
durability of mixture and it is presented by flakiness 
index. Laboratory tests showed that flakiness index for 
all aggregate sizes is up to 11. If the flakiness index is 
less than 35%, the negative influence on the strength 
parameters of backfill is negligible. 
Analysis showed that limestone aggregates suit best 
for backfill technology in conditions of Estonian oil 
shale mines. Usable investigation methods and getting 
results are applicable for different aggregates as a 
component part in fill mixture. 
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